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RECOMBINANT SENDAI VIRUS VECTOR EXPRESSING CHEMOKIKE 

FIELD OF THF THVRNTTnw 

This invention relates to a recombinant Sendai virus vector 
expressing chCTiokine. More specifically, it relates to a recombinant 
Sendai virus vector expressing CXC-chemokine. This invention also 
relates to a method of producing the vector, a pharmaceutical 
composition comprising it, and a method of inhibiting human 
immunodeficiency virus (HIV) infection using it. 

BACKGROUND OF THE INVENTION 
Sendai virus is a non- segmented negative strand RNA virus in 
the family Pararayxoviridae . Sendai virus has been known as a 
biotechnologically useful virus, being widely utilized, especially 
for the production of heterokaryons and hybrid cells, by taking 
advantage of viral cell-fusion capacity. Also, Sendai virus-based 
cell fusing liposomes as a vehicle to deliver foreign genes into cells 
have being developed. Sendai virus has both infectivity and 
disseminative capability. In contrast, not only genomic negative 
strand but also antigenomic positive strand of Sendai viral RNA 
artificially transcribed in vitro cannot serve as a functional 
template to form infectious virions when transfected into cells. 
Recently, a system for efficient reconstitution of viral particles 
from Sendai viral cDNAs has been established, enabling the gene 
manipulation of Sendai virus to produce a recombinant Sendai virus 
(W097/16539, Kato, A. et al.. Genes to Cells (1996) 1, 569-579). 

Chemokines are basic polypeptides capable of binding to heparin 
and have leucocyte migration enhancing activity and leucocyte 
activating activity. Chemokines and chemokine receptors are 
involved in various biological functions, including human 
iimnunodeficiency virus infection, inflammation, and ijmmunoreaction . 

There are four subfamilies of chemokines, CXC-, CC-, C-, and 
CX3C-chemokines , based on the first two cysteine residues. Of the 
CXC-chemokine subfamily, chemokines having an ELR ( Glu-Leu-Arg ) 
motif, such as IL-8, Gro a, Gro p, Gro y, NAP-2, ENA-78, and GCP- 
2 , are potent angiogenic factors , while those with no ELR motif inhibit 
angiogenesis (Stricter, R.M., J. Biol. Chem. 270, 27348-27357 (1995) ) . 
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Such Ghemokines can be used for treat tumors Jby expressing a 
chemokine-encoding gene in excess in tumor ceils. Furthermore, 
expression of chemokines in dendritic cells and existence of their 
receptors have been recently reported (Legler, D.F., J* Exp, Med. 
187, 655-660 (1998) ) . This suggests that chemokines may be involved 
in immunological maturation of various T-cells . The CXC chemokines, 
SDF-la and SDF-lp, are known to inhibit replication of T-cell line 
tropic HIV, and CC chemokines, MlP-la and MIP-lp, and RANTES, inhibit 
macrophage tropic Hiv strains. 

SDF-1 is suggested to have the most potent T-cell chemotactic 
activity and the most potent T-cell adhesion inducing activity 
(Campell et al.. Science 279, 381-382 (1998) ) . It promotes adhesion 
of thymocytes of the different differentiation stages to tissues and 
regulates their distribution in the thymus. 

These facts suggest that chemokines, particularly SDF-1, can 
accelerate establishment of immunity modulated by T-cells and can 
be used to regulate enhancement of immunity against cancer and effects 
of vaccines* 

In general, recombinant highly basic polypeptides or peptides 
such as chemokines are produced in Escherichia coli with low 
productivity. Furthermore, E. coii-based production generally 
requires extensive, multi-step purification of the product before 
use, and therefore is not always feasible for testing many different, 
genetically engineered derivatives. Extensive aggregation is often 
inevitable particularly for such basic polypeptides as ch^iokines. 
Thus, chemical synthesis of the original and modified versions has 
been adopted. This approach is not only laborious, including careful 
refolding, but also expensive. Purification of recombinant 
ch^okines produced in mammalian and other higher vertebrate cells 
by recombinant viruses has not been reported. 

SUMMARY OF THTC TNVEtJTTQW 

An objective of this invention is to provide a method of 
producing recombinant pharmaceutically useful chemokines in large 
quantity. Another objective of the present invention is to provide 
a system to produce recombinant chemokines and its medical use. 

In order to achieve the above objective, the present inventors 
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made attempts to create recombinant Sendai virus expressing 
chemokines and found that the recombinant virus produced and 
accumulated the chemokines expressed in large quantity. 

Thus^ the present invention provides a recombinant Sendai virus 
vector expressing chemokine. 

The present invention also provides a method of producing 
chemokine, which comprises inserting at least one chemokine gene into 
a Sendai virus vector, allowing the vector to produce chemokine, and 
recovering chemokine* 

Furthermore, the invention provides a method of treating human 
immunodeficiency virus infection, which comprises administering to 
human subjects a recombinant Sendai virus vector expressing CXC- and 
CC-chemokines and allowing the vector to express the chemokine in 
vivo. It also provides a method of treating human immunodeficiency 
virus infection, which comprises collecting cells from human subjects, 
infecting the cells with a recombinant Sendai virus vector expressing 
the chemokine, and giving the infected cells back to the human 
subjects* 

BRIEF DESCRTPTTOW OF THE DHAWTATG 

Figure 1 shows construction of the plasmids pSeV/SDF-la (+) 
and pSeV/SDF-lp(+) which generate recombinant SeV/SDF-la and 
SeV/SDF-lp antigenomic RNAs, respectively. pT7 stands for the T7 
promoter; N, P, M, F, HN, and L for Sendai virus structural genes 
N, M, F, HN, and L, respectively; Rbz for the hepatitis delta virus 
ribozyme; E for the stop signal; and S for the restart signal. 

Figures 2A and 2B shows chemotactic activity of SDF-la produced 
from a recombinant Sendai virus (rSev). in Fig, 2A/ O stands for 
the culture supernatant of SeV/SDF-la and • for that of wild-type 
Sendai virus • Error bars indicate standard deviations of duplicated 
data, in Fig. 25, □ stands for SDP-la and ■ for SDF-lfl derived 
from the respective rSeVs. 

Figure 3 shows anti-HIV activity of SDF-la and SDF-lp. □ 
stands for SDF-la, ■ for SDF-lp, and A for cultures which were not 
treated with chemokines. 

Figure 4 shows an inhibitory effect of SDt-la on cell fusion 
mediated by gpl60 of hiV-1 strain NL43. Filled and hatched bars 
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indicate p-galactoeida&e activity within cells treated with the 
culture supernatants of CEP infected with wild-type Sendai virus and 
SeV/SDF-la/ respectively- 

DETAILED DESCRIPTTON DP THE INVRTJTTQW 

The terra "infectivity" used herein means the capability of a 
virus to transfer its nucleic acid, etc- into cells through its 
adhesiveness to cells and penetrating capability into cells via 
various mechanisms including fusion of the viral m^nbrane and host 
cellular membrane. The term '^diss^inative capability" used herein 
means the capability to form infectious particles or their equivalent 
complexes and disseminate them to other cells following the transfer 
of nucleic acid into host cells by infection or artificial techniques 
and the intracellular replication of said nucleic acid« 

Chemokines to be expressed in a Sendai virus vector in this 
invention are not particularly limited as long as they are 
pharmaceutically useful. About thirty chemokines have been 
identified so far. Of the four chemokine subfamilies (CXC, CC, 
and CX3C)/ CXC- and CC-chemokines are preferably used in this 
invention. Examples of CXC-chemokines include IL-8 , Gro/MGSA, NAP-2 , 
ENA-.78, GCP-2, PF4, IP-10, Mig, SDF-l/PBSF, H174, and BLC/BCA-1. 
Examples of CC-chemokineS include MTP-la, MIP-ip^ RANTES, andMCP-1. 
Nucleotide sequences encoding these chemokines are known and can be 
obtained as described in, for IL-8/ Yoshimura et al., Proc. Natl. 
Acad. Sci. USA 84, 9233-9237 (1987) and Matsushima, K. et al», J. 
Exp. Med. 167, 1883-1896 (1988); for SDP-l/PBSF, Tashiro, K- et al.. 
Science 261, 600-603 (1993). 

It is suggested that IL-8 is involved in dermatitis (Harada, A- et 
al., int* Immunol. 5, 681-690 (1993)), arthritis (Akahoshi, et 
al., Lymphokine Cytokine Res., 13, 113-116 (1994)), acute nephritis 
(Wada, T» et al,, J. Bxp. Med. 180, 1135-1140 (1994)), pulmonary 
ischemic reperfusion injury (Sekido, N, et al.. Nature 365, 654- 
657 (1993 ) ) , cerebral embolic ischemia (Matsumoto et al. , Lab. Invest. 
77, Ill9wii25 (1997)), and specific leucocyte infiltration (Lu, B- 
et al., J. Exp. Med. 187, 601-608 (1988)); PP4 is involved in 
activation of integrin in platelet and angiopatl^y by adhesion to 
endothelium (Springer, T.A. et al., Annu. Rev. Physiol. 57, 827- 
872 (1995)); TP-10 is involved in antitumor effect of lL-12 (Yu, WG 
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et al., J* Leukocyte Biol* 62, 450-457 (1997)); Mig is involved in 
accumulation of activated t cells at inflammatory sites of the 
vicinity of carcinomas, delayed hypersensitive skin, and 
experiiaental autoljitmune encephalomyelitis {Springer, T.A*, Annu. Rev. 
Physiol. 57, 827-872 (1995); SDF-l/PBSF inhibits T cell tropic HIV 
infection and MlP-la, MIP-lp, and BANTES, macrophage tropic strains 
(D'Souza, M.P. et al.. Nature Med. 2, 1293-1300 (1996) and Coffey, 
M.J. et al.. Am. J/ Physiol, 272, 5 Pt 1, L1025-9 (1997)). The 
recombinant Sendai virus expressing these chemokines can be used for 
treating the diseases as described above. In particular, stromal 
cell-derived factors 1 a and p (SDP-la and SDF-lp) , MlP-la, and MIP-lp, 
which are known to inhibit fliv replication, are preferably used. 

Sendai virus, the starting material in the present invention 
for the insertion of a chemokine gene, may be a strain classified 
to parainfluenza virus type I, exCT^lified by Sendai virus Z strain 
or Pushimi strain. Furthermore, incomplete viruses such as DI 
(defective interfering) particles, synthetic oligonucleotides , etc. 
may be used partial materials . Examples of the Sendai virus vector 
used in the present invention include puC18/T7 (+)hvJR2.DNA, 
pUC/T7(-)HVJRz.DllA (both described in W097/16539), and pSeV18^b(+) 
(Yu, D. et al.. Genes to Cells 2, 457-466 (1997))- 

So far as the recombinant Sendai virus of the present invention 
can produce a desired chemokine, any genome gene may be deleted or 
modified, in the Sendai viral RNA, it is preferable to insert a 
sequence of a multiple of 6 nucleotides in length between the sequences 
Rl and R2 [journal of Virology, Vol. 67, No. 8 (1993) p. 4822-4830 
and genbank M30202]. Levels of expression of a chemokine gene 
inserted into a vector can be regulated by virtue of the site of gene 
insertion and the base sequences flanking the chemokine gene. For 
example, in the case of Sendai viral RNA, it is knpwn that there are 
increasing levels of expression of the inserted gene with decreasing 
distance of the gene from the promoter at the 3* terminus. 

Also, part of genes related with RNA replication of Sendai virus 
may be modified to, for example, maintain vector's expression 
capability, inactivate genes for immnogenicity, io^rove safety, or 
enhance the efficiency of RNA transcription and replication. 
Concretely, for example, at least one of the replication factors, 
the NP, P/c and L proteins may be modified to enhance or reduce the 
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transcription and replication capabilities. The HN protein, one of 
the structural proteins, ha& dual activities as hemagglutinin and 
neuraminidase. For example, the reduction of the former activity may 
increase the viral stability in blood stream, and viral infectivity 
can be regulated by modifying the latter activity or replacing the 
envelop protein with that of the other viruses {J. Virol. (United 
States) 72(6), 5296-5302 (1998) )• Also, the modification of the F 
protein mediating membrane fusion may be useful for improving membrane 
fusion liposomes constructed by fusing the reconstituted Sendai virus 
and artificial liposomes enclosing a desired drug or gene. 
Furthermore/ part of the viral gene can be mutated or deleted to 
suppress replication of the virus vector j^i vivo to thereby enhance 
the safety of the vector* For example, a Sendai virus variant, which 
does not express C and C proteins, but does express Yl and Y2 proteins, 
is known to impair both gene expression and genome replication 
(Kurotani, A. et al.. Genes to Cells 3, U1^124 (1998)). Also, 
deletion of V protein attenuates in vivo pathogenicity (Kato, A. et 
al.. The EMBO Journal 16(3), 578-587 (1997))* 

When it is not preferable to use the virus vector having the 
disseminative capability in gene therapy, the recombinant Sendai 
virus vector that is infectious, replicates autonomously, and is not 
disseminative can be used. This vector can be constructed in 
accordance with the method described in W097/16583, which is 
incorporated herein by reference. 

Specifically, once an FNA molecule containing a foreign gene 
transcribed from "specific viral cDNA deficient in at least a part 
of structural genes but normal in genes coding for N, P, and L begins 
to be replicated by N, P, and L coexpressed by the cotransfected 
placmid cDNAs, a virus particle will be formed, which is infectious 
to and autonomously replicating in a new cell and can express the 
foreign gene, but deficient in the disseminative potency. In the case 
of Sendai virus, "the genes related to autonomous replication" refer 
to the NP, P and L genes, and "the gene related to the disseminative 
capability*- refers to any one of the M, F and HN genes. Therefore, 
the RNA molecule of Sendai virus deficient in one or more of the above 
genes related to the disseminative capability, for example, is 
suitable as a component contained in the "complex" of the present 
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invention* Also, the RMA molecule having all the F and HN genes 
deleted or inactivated are also preferable as the con^jonent contained 
in the "complex" of the present invention • On the other hand, it is 
necessary for the genes encoding the NP, P and L proteins to be 
expressed from RNA. However, the sequences of these genes are not 
necessarily the same as those of virus, and may be modified by 
introducing mutation, substitution, deletion, addition of 
nucleotide{s) , or replacing by the corresponding gene derived from 
other viruses, so far as the transcription and replication activity 
of the resulting RNA is similar to or higher than that of the natural 
one. 

Recombinant Sendai viral vectors of the present invention can 
be obtained, for example, by in vitro transcribing the recombinant 
cDNA encoding the gene-technologically produced recombinant Sendai 
viral vector genome, producing the recombinant Sendai viral genome 
RNA, and introducing said RNA to a host simultaneously expressing 
the NP, P, and L proteins {each protein may be a protein with an 
equivalent activity) of Sendai virus. Alternatively, Sendai viral 
vectors of the present invention can be obtained by introducing 

a) the recombinant cDNA coding for the gene-technologically 
produced recombinant Sendai viral vector genome, and 

b) a unit capable of intracellularly transcribing RNA with the 
DNA as template 

into a host simultaneously expressing the NP, P, andL of Sendai virus. 
In this case, the recombinant cDNA a) may be inserted downstream of 
a specific promoter, and the transcription unit b) may be a DNA 
molecule expressing a DNA-dependent RNA polymerase acting on the 
specific promoter. 

When a chemokine gene is inserted into a plasmid for expressing 
the negative strand Sendai viral RNA, it is necessary to insert the 
gene downstream of the promoter in an orientation for transcribing 
an antisense RNA of the chemokine gene. 

Preferred hosts for expressing chemokines may be any cells 
susceptible to the infection by the recombinant Sendai virus. Cell 
lines used as hosts in the present invention includes LLCMK2, MDCK, 
MDBK, CV-1, Hela, HepG2, P19, F9, CHO, PC12, 293cell, BAF3, Jerkat, 
Human PBMC, MT-4, Molt-4, NIH3T3, L929, chicken embryo fibroblasts 
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(CEF). Of these, CV-1 and further, CEF are preferably used. 

It is possible to efficiently produce a chemokine gene product 
by infecting these hosts with the recombinant Sendai virus integrated 
with an expressible chemokine gene, incubating the infected cells 
to allow them to express the chemokine gene, and recovering the 
chCTiokine produced. These procedures can be performed by known 
methods. One skilled in the art would readily determine appropriate 
methods and conditions for the procedures. 

The thus-recovered crude chemokines can be purified simply by, 
for example, removing the Sendai virus by cent rifugat ion and 
subjecting to known biochemical purification method such as affinity 
chromatography, depending on the chemokine produced. 

The recombinant Sendai virus vector expressing ch«aokine of 
the present invention can be used for treatment bf diseases that can 
be treated by chemokines. The nondisseminative virus vector of the 
present invention derived from Sendai virus can be highly safe in 
the clinical application. Further, the Sendai virus vector having 
the disseminative capability can be therapeutically effective with 
a relatively small dosage. The recombinant Sendai virus vector of 
the present invention can produce chemokine efficiently . For example , 
the recombinant Sendai virus vector expressing SDF-la or SDF-ip can 
effectively inhibit HIV relplication. 

The pharmaceutical coa^sition of the present invention 
comprises the recombinant Sendai virus vector of the present invention 
and a pharmaceutical carrier such as physiological saline (PBS) or 
a pharmaceutical acceptable medium. The composition may further 
contain other additives having low immunogenic xty. Examples of the 
additives include low molecular weight amino acids, such as arginine, 
glutamic acid, or serine, and their derivatives, carbohydrates such 
as glucose, inositol, lactose, mannitol, sorbitol, trehalose, or 
xylose, and their derivatives. 

The nondisseminative recombinant Sendai virus vector of the 
present invention can be used for gene therapy ex vivo or in vivo. 
The ex vivo method can be performed by collecting target cells from 
human subjects, infecting the cells with the rSeV, and giving the 
infected cells back to the human subjects. The in vivo method can 
be performed by administering the virus vector to human subjects. 



-08-1 0 ; 08 : 42PM ; SH I M I ZU PATENT OFFICE 



;81 298 41 2009 



9 



The dose of the virus vector varies depending on the age, weight, 
and symptoms of the patients, the administration route, and the kinds 
of chemokines. The virus vector is administered at 0,1 to 10,000 
virions/cell, preferably 0.5 to 50 virions/cell. 

In the following, the present invention will be concretely 
described with reference to Examples, but is not limited to these 
Examples • 

EXAMPLE 1 

Materials 

HIV-l strains NL43 (Adachi, A. et al,, (1986) J.Virol. 59, 
284^291), SF33 ( York-Higgins, D. et al., (1990) J. Virol. 64, 
4016-4020), TKll (Oka, S. et al., (1994) AIDS Res. Hum. Retroviruses 
10, 271-277), and SIV mac strain 239 (Naidu, Y.M^ et al., (1988) J. 
Virol. 62, 4691-4696) were grown in MT4 T cell line. HIV-i strain 
SF 162 (Shioda, T. et al., (1991) Nature (Lond.) 234, 167-169), 
primary isolates #12, #15, and #37 (Shioda, T. etal., (1997) J.Virol. 
71, 4871-4881) were propagated in phytohemagglutinin-stimulated 
peripheral blood mononuclear cells (PBMC). CVl cells were grown in 
minimum essential medium (MEM) supplemented with 10% fetal bovine 
serum (FBS) . MT4 cells were grown in RPMI-1640 supplemented with 10% 
FBS. Primary chicken embryo fibroblasts (CEF) were prepared as 
described in Hanafusa, H. (1969) Proc. Natl. Acad. Sci. USA 63, 318-325, 
and maintained in MEM supplemented with 10% FBS. After virus 
infection, CEF were maintained in MEM without serum. PBMC from 
healthy seronegative donors were prepared and grown as described in 
Shioda, T. et al., (1997) J- Virol. 71, 4871-4881- 
Generation of a re combinant Sendai Virus carrying human SDF-1 a aene 

The plasmid pSevl8*(+) carries a cDMA copy of Sendai Virus full 
length antigenome (positive strand RNA), in which an additional 18 
synthetic nucleotides containing unique Not I site was inserted within 
the N gene and just upstream of its open reading frame (ORF) (Hasan 
et al., J. Gen. Virol. 78, 2813-2820 (1997)). 

A 348-bp DNA fragment containing entire coding frame of human 
SDF-l a gene (267 bp) followed by a new set of synthetic stop or end 
(E) (termination/polyadenylation) and restart (S) signals with 
intervening three nucleotides was amplified with Notl-tagged primers 
and inserted into the NotI site in pSeVl8^(+) generating 
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pSeVSDF-la(+) (Fig. 1). 

pSeVSDF-la (+) was transf ected to V-TF7-3 infected IiLCMK2 cells 
and the TV-driven full length recombinant Sendai virus RNA genomes 
were encapsulated with n, p, and l proteins , which were derived from 
the contransf ected respective plasmids . Following a 4 0-h incubation 
to allow initiation of the infectious cycle and generation of progeny, 
the transf ected cells were injected into embryonated chicken eggs 
to amplify the recovered virus. After a successive passage in eggs, 
the recombinant virus reached a titer of over 10^ PFU/ml comparable 
to that of the wild- type Sendai virus . This second passage , initiated 
at a dilution of 10"% resulted in con^lete elimination of helper vTF7-3 
present in an amount of 10^ to 10^ PFU/ml. Nucleotide sequencing of 
the recombinant virus revealed that there was no accidental nucleotide 
substitution within the inserted SDF-la gene. The recovered virus 
was named SeV/SDF-la, In the same manner, a recombinant Sendai virus 
expressing SDF-ip (Sev/SDF-ip) was constructed. 

EXAMPT^E 7 

Confirmation of expressi on of snF-lry 

Expression of SDF was confirmed by SDS-PAGE, Nothern blot, and 
western blot . As a result of SDS-PAGE , a polypeptide with a molecular 
mass of 8 IcDa was observed as a major protein constituent in the culture 
supernatant of CEF infected with SeV/SDF-la. 

Northern blot was performed as follows. First, total RNA was 
extracted using RNA20I-B (Tel-Test Inc*) from approximately 10** CEF 
infected with the SeVSDF-la( + ) at various time points post infection 
(p.i-)- The RNAs were ethanol precipitated, dissolved in 
formamide/ formaldehyde solution, then electrophoresed in 1% 
agarose- formamide/MOPS gels, and capillary transferred onto Hibond-N 
filters (Amersham). They were hybridized with the SDF-1 specific 
Not I fragment from pSeVSDF-la( + ) probes that had been labeled with 
a-P^^-dCTP using Multiprime DNA Labeling System (Amersham) . As a 
result, the transcripts specific to SDF-la with an expected si2e of 
approximately 400 bases were detected. 

Western blot was performed as follows. Culture supernatants 
of infected cells were first electrophoresed in 15% SDS- 
polyacrylamide gels (Laemmli, U.K. (1970) Nature 227, 680-685). The 
proteins in the gels were electro transf erred onto PVDF membranes 
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(Millipore) and probed with anti-SDF-1 antiserum, which was prepared 
by immunized rabbits with multiple antigen peptide containing 
residues 33-45 (RFFESEVARANVK) synthesized by Research Benetics Inc. 
As a control, culture supernatants of wild-type Sendai virus -infected 
cells were used . The SDF-la transcript was absent in wild-type Sendai 
Virus infected fluid, and reacted specifically with rabbit serum 
iaamunized with 13-mer peptides derived from human SDF-la sequence. 

These results demonstrated that substantial amounts of SDF-la 
were produced from the recombinant Sendai Virus and secreted into 
the culture supernatant. After a 72-h incubation, the amount of 
SDF-la in the culture fluid reached over 10 \iq/ml. 

EXAMPLE 3 
Purification of SDF-la and snF-1p 

Culture supernatant of CEF infected with SeV/SDF-la or 
SeV/SDF-ip were harvested 72 h after infection and the SeV viruses 
were removed by centrifugation at 48,000 x g for 1 h at 4**C. The 
supernatant was applied to an 1 ml Hi-Trap heparin column (Pharmacia) 
equilibrated with 10 mM sodium phosphate buffer, pH 7.2, on an FPLC 
system ( Pharmacia) . After washing with 5 ml of the same buffer, bound 
proteins were eluted with 10 ml of linear gradient of 0.4 to 1.0 M 
NaCl in the same buffer. Fractions were diluted more than 80-fold 
before assaying the chemotactic or anti-HIV activity. Active 
fractions were collected. 

Amino acid sequencing was performed for the purified SDF-la, 
demonstrating the NH^-terminal KPVSLSYRXPXR, identical to the 
reported sequence of SDF-la. In this NH^-terminal peptide, X should 
be read as C, because it cannot be resolved by the sequencing method 
employed. 

EXAMPriK 4 

Assay of biological activities of recombinant SDF-lrtand SDF-lp 
1. Chemotactic assay 

Lymphocyte chemotaxis assays were performed according to the 
method described by Bluel et al. (Bluel, C.C. et al., (1996) J. Exp. 
Med. 184, 1101-1109). First, human peripheral blood lymphocytes 
(PBL) were obtained from healthy donors by Ficoll-Histpaque method. 
Monocytes were removed by 1-h steps of plastic adherence. Cell (5 
X 10^) in 100 111 RPMI-1640 medium containing 0.25% human serum albumin 
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(HSA) were added to the upper chamber of a 5-[im pore polycarbonate 
Transwell culture insert (Coaster) and incubated with the indicated 
concentrations of proteins for 3 h* Transmigrated cells were counted 
with a FACScan (Becton Dickinson) for 20 s at 60 ^l/min. 

As shown in Fig* 2, the culture fluid efficiently attracted 
freshly prepared PBL. This means that the recombinant SDF-la and 
SDF-ip was functionally authentic. 
2. Anti-HIV-1 assay 

PHA-stimulated PBMC or MT4 cells (5 x 10*) were incubated with 
indicated concentrations of chemokines for 16 h, and then exposed 
to 1000 50% tissue culture infective dose of HlV-1 for 2 h at SV^'C. 
The cells were washed with RPMI medium and maintained in the culture 
medium for each cell type. Culture supematants of the infected cells 
were assayed for the levels of p24 core antigen (Abbot) . Data points 
are the means of duplicate cultures. The results are shown in Table 
1* 
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Table 1 

Effect of SDF-1 a on the growth of several Hiv-1 and Siv mac strains 



Strain 


Phenotype 


Xi2A /ncf/ml \ 
L.onuro± bUr- 


■1 u ( 0 -5 /Zg/ml) 


NL43* 


SI/T cell line tropic 


54.44 


1.40 


SF33* 


SI/T cell line tropic 


78.50 


6.40 


TKll* 


SI/T cell line tropic 


355-00 


26.00 


#15*^ 


SI 


100.23 


1.36 




NSI/macrophage tropic 


10-43 


12,35 


#12^ 


NSI 


27.91 


17.70 


#37^* 


NSI 


22.01 


20.00 


SIV mac239* 


T cell line tropic 


4.81^ 


6.22*= 



Note: SI and NSI indicate syncytium inducing and non-syncytium 
inducing phenotype, respectively. Data points are means of duplicate 
cultures • 

^Inhibition by SDF-1 a in MT4 cells was evaluated at day 3 
after infection. 

Inhibition by SDF-1 a in PBMC cultures was evaluated at day 
7 after infection. 

° SIV mac p27 core antigen levels are shown. 

The recombinant SDF-la suppressed the replication of three 
different T cell line tropic HlV-1 strains, NL43; SF33, and TKll, 
in the MT4 T cell line, and one syncytium inducing primary isolate 
#15 in PBMC culture. The SDF-la did not suppress the replication of 
macrophage tropic strain SF162, nor two non-syncytium inducing 
primary isolates, #12 and #37, in PBMC cultures. The recombinant 
SDF-la did not show any inhibitory activity for simian 
immunodeficiency virus (SIV) strain mac239 in MT4 cells. These 
results are consistent with the expected specificity of antiviral 
activities of SDF-la and thus confirmed the biological authenticity 
of the Sendai virus-derived recombinant SDF-la. 

Separately, MT4 cells were treated with 200 ng/ml of purified 
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SDF-la or SDF-lp and then infected with NL43 strain of HIV-1. The 
levels of p24 core antigen in the culture supematants were assayed 
periodically. The results are shown in Fig. 3. Both of SDF-la and 
SDF-ip suppressed HIV-1 strain NL43 efficiently. 
3. Cell fusion assay 

A recombinant vaccinia virus-based gene activation assay using 
a P-galactosidase gene as a reporter was perfumed as described by 
Nussbaum et al. (Nussbaum et al., (1994) J. Virol, 68, 5411-5422). 
First, L cells were transfected with plasmid pGlNTVp-gal with DOTAP 
and then infected with recombinant vaccinia virus expressing gpl60 
of HIV-1 strain NL43. MP4 cells were infected with vTF7-3 (Fuerst, 
T.R. et al., (1986) Proc. Natl. Acad. Sci. USA 83, 8122-8126), and 
then treated with SeV/SDF-la or wild-type Sendai virus. After 16-h 
incubation at 31'C, equal numbers (1 x 10^) of L and MT4 cells were 
mixed and incubated at 37^ for 3 h. P-galactosidase activity within 
cell lysate was measured by using chlorpphenol red-p-D- 
galactopyranoside as a substrate. 

The results shown in Fig. 4, indicating that the recombinant 
SDF-la inhibited the step of membrane fusion. 
4. Lucif erase assay 

MT4 cells were incubated with or without 0.5 fig /ml of SDF- 
la for 16 h and then transfected with 5 \ig of the plasmid carrying 
the luciferase reporter gene under the control of HIV-1 LTR, pHlV-1 
LTR/L-A-5'438, and 5 fig of the tat expression plasmid, pcDLSRa/tatSOl, 
with DOTAP (Boehringer-Mannheim). Cells were maintained in the 
presence or absence of 0-5 Hg/ml of SDF-la for additional 40 h and 
then lysed for luciferase assay (Kato et al., (1996) Genes Cells 1, 
569-579). 
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WHAT IS CLAIMED IS: 

1. A recombinant Sendai virus vector expressing chemokiner 

2. Ihe recombinant Sendai virus vector of claim 1, herein 
said chemokine is CXC-chemokine or CC-chemokine, 

3. The recombinant Sendai virus vector of claim 2, wherein 
said CXC-chemokine is stromal cell-derived factor a or stromal 
cell-derived factor p. 

4. The recombinant Sendai virus vector of claim 3, wherein 
said vector is disseminative. 

5 . The recombinant Sendai virus vector of claim 3 , wherein 
said vector is infectious and replicates autonomously, but is not 
disseminative. 

6 . A method of producing ch^okine which comprises inserting 
at least one chemokine gene into a Sendai virus vector, allowing the 
vector to produce chemokine, and recovering cheAiokine* 

7- The method of claim 6, wherein said chemokine is 
CXC-chemokine or CC-chemokine. 

8* The method of claim 6, wherein the step of recovering 
comprises the step of removing virions by centrifugation. 

9» A method of treating human immunodeficiency virus 
infection/ which comprises administering to human subjects a 
recombinant Sendai virus vector expressing CXC-chemokine or CC- 
chemokine and allowing the vector to express the chemokine in vivo. 

10. A method of treating human immunodeficiency virus 
infection, which comprises collecting target c^lls from human 
subjects, infecting the cells with a recombinant Sendai virus vector 
expressing CXC-chemokine or CC-chemokine, and giving the infected 
cells back to the human subjects. 

11 • A pharmaceutical composition con^rlsing a recombinant 
Sendai virus vector expressing stromal cell-derived factor a or * 
stromal cell-derived factor p and a pharmaceutieally acceptable 
carrier, wherein said vector is disseminative » 

12. A pharmaceutical composition comprising a recombinant 
Sendai virus vector expressing stromal cell-derived factor aor 
stromal cell-derived factor p and a pharmaceutieally acceptable 
carrier, wherein said vector is infectious and replicates 
autonomously, but is not disseminative. 
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13 . Amethod of inhi±>iting HIV proliferation, which comprises 
infecting HIV-infected cells with a recombinant Sendai virus vector 
expressing chemokine and incubating the cells to allow production 
of chemokine. 
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ABSTRACT OF THE ftTSCt.Qgrreft ' 



A recombinant Sendai virus vector expressing chemokine is 
provided. This vector enables large quantity production of 
clinically useful chemokines. It is also useful for treatment of 
diseases that can be treated by chemokines. 
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Fig. 1 
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Fig. 3 
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COMBINED DECLARATION AND POWER OF ATTORNEY 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe 1 am the original, first and sole inventor (if only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a 
patent is sought on the invention entitled RECOMBINANT SENDAI VIRUS VECTOR EXPRESSING 
CHEMOKINE, the specification of which 

X is attached hereto. 

□ was filed on as Application Serial No. 

and was amended on . 

□ was described and claimed in PCT International Application No. 

filed on and as amended under PCT Article 19 on . 



I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose all information I know to be material to patentability in accordance with 
Title 37, Code of Federal Regulations, §1. 56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign 
application(s) for patent or inventor's certificate or of any PCT international application(s) designating at 
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foreign application for patent or inventor's certificate or any PCT international application(s) designating at 
least one country other than the United States of America filed by me on the same subject matter having a 
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I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) 
listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in 
the prior United States application in the manner provided by the first paragraph of Title 35, United States 
Code, §1 12, 1 acknowledge the duty to disclose all information I know to be material to patentability as 
defined in Title 37, Code of Federal Regulations, §1. 56(a) which became available between the filing date 
of the prior application and the national or PCT international filing date of this application: 
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made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patents issued thereon. 
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